Four women, with congenital heart disease, who died following parturition are presented. All had advanced pulmonary arterial lesions before delivery. In the intrapartum or early postpartum period widespread fibrin and platelet thrombi occluded already narrowed pulmonary arterial channels increasing right-to-left cardiac shunts. The etiology of the preterminal thrombotic disorder has not been established in any of the cases.
CONGENITAL cardiac malformations are responsible for 3 to 10% of the instances of organic heart disease encountered in pregnant women and about 1% of all maternal deaths.14 Although most women with congenital heart disease pass through gestation without incident, a few develop alarming intrapartum or postpartum circulatory abnormalities which result in death.3' 5-8 These deaths are usually related to cardiac malformations which permit direct shunts between the systemic and pulmonary circulations. Most common are ventricular septal defect and patent ductus arteriosus. 3 -9 The alarming cardiovascular events which precede death are often characterized by changes in cardiac murmurs and reversal of previous left-to-right shunts. 4 9 These uncommon but dramatic events have been attributed to changes in systemic vascular resistance and decreased venous return which normally fol-From the Departments of Pathology, University of Vermont College of Medicine, Burlington, Vermont, and Cornell Medical Center, New York, New York.
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Clinical Data
Review of autopsy files at the University of Vermont Hospitals and at The New York Hospital-Cornell Medical Center revealed four postpartum deaths with maternal congenital cardiac malformations. An additional case was received from the Exeter Clinic, Exeter, New Hampshire. One of the five patients died of bacterial endocarditis. This study reports findings in the other four.
Historical and laboratory data are detailed in tables 1 and 2. Two of the patients had large ventricular septal defects, another had a large patent ductus arteriosus, and the fourth, a tetralogy of Fallot. This last patient had a large patent anastomosis between the right subclavian and right pulmonary arteries which had been surgically established 16 years before death. Patients 1, 2, and 4 were primigravidas. Two previous pregnancies in patient 3 had ended with premature delivery and early neonatal death. Many clinical features were common to the four patients: None required hospitalization or bed rest during pregnancy; the chief evidences of cardiac insufficiency were mild fatigue and dyspnea on exertion, and mild orthopnea in one case. Although no cardiac catheterization or arterial blood gas studies were undertaken, three had mild cyanosis during gestation suggesting some degree of right-to-left shunting. In patient 2, the cyanosis increased with exercise; this patient also had mild polycythemia. Three of the women had clubbed digits.
All four women had loud systolic and diastolic cardiac murmurs. At least two had accentuated second pulmonic sounds, providing additional evidence of pulmonary arterial hypertension. Three had roentgenographic evidence of cardiac enlargement prior to delivery. Cardiac size was not evaluated in patient 3 because of kyphoscoliosis. All four women had electrocardiographic evidence of right ventricular hypertrophy and two had incomplete right bundle-branch block.
The only abnormal bleeding during pregnancy was hemoptysis in patient 3. She had experienced similar hemoptysis during previous pregnancies. Patient 1 developed intermittent blurring of vision, a dry cough, and occasional precordial pains 2 weeks before delivery; she received digitalis. On admission for delivery, she had obvious evidences of toxemia, her blood pressure was 145/110 mm Hg, her neck veins were distended, peripheral edema was prominent, and a few basal rales were audible. Her urine contained 4+ albumin and many casts. Total weight gain during gestation had been 6.4 kg. Labor was uncomplicated in patients 1 and 2. There was a breech presentation in patient 3 with loss of about 200 ml of blood. Fetal distress developed in patient 4 after 2 hours of labor. Low forceps were applied and at least 500 to 600 ml of blood were lost from a cervical laceration. A right vaginal sulcus laceration extended into the broad ligament and was associated with a retroperitoneal hematoma of approximately 150 ml. The rectal sphincter and rectum were intact. Tachycardia and hypotension developed, followed by a convulsion.
Certain postpartum clinical features were common to the four mothers: dyspnea and cyanosis increased markedly and the administration of oxygen afforded little relief. These abnormalities developed insidiously in patients 1 and 2, and both died. The cardiac systolic murmur which had been present for many years in patient 2 was no longer audible after delivery. In patient 3, dyspnea and cyanosis progressed rapidly on the final day of life, following an episode of pain in the right posterior part of the chest. After delivery, patient 1 received intensive therapy for toxemia which included digitalis, variouis diuretics, hydralazine, antibiotics, and oxygen. Although blood pressure decreased to normotensive levels, oligturia developed, the concentration of blood urea nitrogen increased from 16 to 50 mg/ 100 ml, and the patient died after a period of shock.
Whole blood transfusions led to temporary improvement in blood pressure in patient 4, but she lapsed into irreversible shock when spontaneous cu-taneous bleeding developed. Blood coagulation studies revealed the following changes: platelet count of 46.000/ mm3; euglobulin lysis time of 25 min (normal, 120 min); one stage prothrombin time of 21.8 sec (normal, 11 sec); plasma prothrombin activity of 61% (normal, 70 to 120%); Circultion, Volumne XXXVI, Aqgust 1967 plasma factor V was 20% of normal; serum factor VII was 31% of normal; and thromboplastin-generation test using the patient's serum and adsorbed plasma was "abnormal."
All four newborn infants were subnormal in body weight for gestational age; all survived except the infant of patient 3 who died at 24 hours with apparent complications of prematurity.
Special Studies
Multiple tissue l)locks from the various body organs were sectioned at 6z and stained with hematoxylin and eosin. Because of the pulmonary vascular abnormalities, multiple blocks of each lung vere sectionied serially at 6g, and every third section was stained alternately with: 
Necropsy Findings
In all four cases, the principal lesions were in the cardiovascular system. As previously noted, patients 1 and 2 had ventricular septal defects, patient 3 had a patent ductus arteriosus, and patient 4 had a surgically created right subclavian-pulmonary arterial anastomosis (table 2). All of these defects were large and probably permitted large increases in blood flow and pressure in the pulmonary circulation. Other evidence of severe pulmonary arterial hypertension was apparent in all four patients: the main pulmonary arteries were markedly dilated, both by antemortem roentgenographic examination and by direct measurement at necropsy; many atheromatous plaques were present in the larger pulmonary arteries; and marked right ventricular hypertrophy was noted at autopsy (table 2). This hypertrophy was even more striking than the wall measurements suggest because the right ventricles were dilated. At necropsy in case 4, both great vessels were found to originate from the right ventricle; the right ventricular pulmonary outflow tract was narrowed by hypertrophied myocardium in the infundibulum to a diameter of 0.32 cm. In this case, the heart also had a high ventricular septal defect 2.0 cm in diameter, the foramen ovale was open to 0.5 cm in diameter. Several "rents" were present on the luminal surface of the main pulmonary artery just proximal to the bifurcation; these measured up to 5.0 cm in length and 0.8 cm in width ( fig. 1) . Additional "rents" were found just distal to the bifurcation. There was cystic degeneration of the media of the pulmonary artery; sections through the "rents" showed replacement of the intima and most of the media by a relatively thin layer of loosely packed fibrous tissue. All four women had advanced proliferative and sclerotic lesions in the pulmonary arteries (table 2) . According to the classification of Heath and Edwards,1" all had grade 5 or 6 lesions. Grade 5 is characterized by the presence of plexiform lesions in the small pulmonary arteries with distal arterial dilations (figs. 2 and 3). Grade 6 is identical to grade 5 except that arterial fibrinoid necrosis is also present (fig. 4 ). Besides the obstructing plexiform lesions, varying admixtures of proliferated endothelial cells, smooth muscle cells, fibroblasts) and collagen narrowed the lumina of some small arteries (figs. 5 and 6).
Most striking, in all cases, was the frequent finding of fresh thrombotic material in channels of the plexiform lesions, in other narrowed arterial segments, and even in dilated arteries distal to sites of obstruction (figs. 2, In the lower right, a throintbu.s occludes a dilated artery just distal to an arterial segment which has been greatly narrowed by proliferated endothelial cells, fibroblasts, and collagen. This latter arterial segmlent is above and to the left of the thronwbosed vessel. Verhoefj's and Gieson's stains; x 160. 5, 7, and 8). All of these thrombi were recent; only a few showed signs of early organization (figs. 7 and 8). With differential stains, the thrombi had a considerable component of agglutinated platelets. Only one thrombus wvas found in an artery vith a luminal diameter greater than 100 Mt. In case 3, one small pulmonary infarct was found in association with a small thrombus or embolus which occluded a small elastic artery. No thrombi, emboli, or recent infarets were fouind in organs of the systemic circullation in any of the four cases.
Pulmonary muscular arteries proximal to various obstructing lesions were characterized by marked medial hypertrophy and hyperplasia (figs. 4 and 7) . No abnormalities were found in pulmonary veins or capillaries. Bronchial arteries were not dilated. Amniotic de- bris was not found in any pulmonary vessels in the fouLr cases.
Necropsy disclosed evidence of the toxemic state observed in life in case 1. HIepatic cells were swvollen and occasionally filled with bile.
There was a diffuse thickening of glomerular capillary basement membranes; some convolulted tubules were necrotic and had early epithelial cell regeneration. An occasional focus of hepatic cell necrosis with neutrophils was noted in case 2. Case 3 had kyphoscoliosis vith the thoracic spine curved approximately 2.0 cm to the right of the midline in the thorax and 1.5 cm to the left in the lumbar spine. The volume of the left thoracic cavity was about one half that of the right. Focal hemorrhages were found in multiple organs of case 4, as well as small foci of centrilobular hepatic cell necrosis associated vith small Circulazion Voauine XXXVI, Auguut 1967 310) numbers of neutrophils. A grey, cystic cavity, 1.0 cm in diameter, was found within the right pons in case 4. This was presumably related to a left-sided cerebrovascular accident at the time of Blalock shunt 16 years before death.
Discussion
Four women with congenital heart disease who died in the early postpartum period had evidence of rapidly increasing pulmonary vascular obstruction. All four had large direct shunts between the two major circulations, as well as advanced pulmonary arterial lesions which apparently imparted a high resistance to the pulmonary circulation even before delivery. In three of the four patients, antepartum cyanosis presumably reflected right-to-left flow across the shunts. After delivery there was evidence of a further increase in pulmonary vascular resistance; dyspnea and cyanosis progressed and were poorly relieved by the administration of oxygen. In all four cases, death seemed to be a result of inadequate pulmonary perfusion and cardiac failure.
The pulmonary arterial abnormalities discovered at autopsy are of a type known to impart a high resistance to the pulmonary circuit. In all four cases serial sections revealed plexiform lesions in arterial segments proximal to most of the alveolar capillary bed. Such plexiform lesions are comprised of capillary-sized channels embedded in proliferated endothelial cells and fibrous tissue. 12 In patients with such lesions blood must pass through the complex of tiny anastomosing channels before reaching the distal alveolar capillary bed'2 (figs. 2 and 3). Clinical studies of patients with such lesions demonstrate a greatly increased pulmonary vascular resistance which seldom decreases significantly after operative closure of abnormal cardiac shunts."1-13 Therefore, the resistance to the flow of blood through such plexiform lesions is presumed to be very great. Though there is controversy over the pathogenesis of these lesions, it is certain that they are most often encountered after the first decade of life in patients who have large, post-tri-Circulation, Volume XXXVI, August 1967 cuspid shunts-a category in which the current cases belong.12 14, 15 In the current study, the rapid postpartum increases in pulmonary vascular resistance were almost certainly due to widespread thrombosis in previously narrowed pulmonary arterial channels. Such preterminal thrombosis was far more common in these patients than in most patients with congenital heart disease and advanced pulmonary arterial lesions who have never been pregnant. 12 The pathogenesis of the gestational thrombotic disorder is uncertain but was manifested in patient 4 by a constellation of blood coagulation defects which many believe constitute the hallmark of disseminated intravascular coagulation. 16, 17 In none of the patients was there evidence of amniotic fluid infusion or premature rupture of the membranes, both cited as causes of intravascular coagulation.17 Patient 1 had both clinical and postmortem features of severe toxemia, a disorder some investigators think is a manifestation of slow intravascular coagulation. 16 Although patient 3 had kyphoscoliosis, the pulmonary vascular lesions were very different from the type usually associated with the cardiopulmonary failure which complicates this skeletal disorder. '8 The multiple "rents" in the intima and media of the large pulmonary arteries of patient 4 are a rare complication of chronic pulmonary arterial hypertension. Such lesions have been found most often in association with dissecting aneurysms of the pulmonary artery.'9 There is one published report of pulmonary artery rupture at 7 months of gestation in a woman with a ventricular septal defect.20
